Local cerebral glucose utilization (LCGU) and local cerebral blood flow (LCBF) were studied by autoradiographic techniques in indomethacin-and ibu profen-treated rats with focal cortical freezing lesions, Widespread depression of LCG U, which developed with time after the lesion in untreated animals was significantly diminished by the prostaglandin synthetase inhibitors in domethacin (single injection 7,5 mg/kg) and ibuprofen (36 mg/kg/day), Both drugs were effective when given 6 h before or up to 24 h after the lesion was made. The effect of the drugs was most striking in cortical areas of the traumatized hemisphere, where the depression was most profound in untreated animals. Thus, 3 days after the lesion, average LCGU in these regions was 46%, 86%, and 98% of normal in untreated, indomethacin-pre-It is well established that brain injury which causes gross damage to vascular elements results in opening of the blood-brain barrier and an extra vasation of fluid, giving rise to vasogenic edema (Katzman and Pappius, 1973) . The edema has been generally assumed to be the underlying cause of neurological abnormalities in conditions in which it occurs. However, brain injury is associated with many other events that may be envisaged as leading, directly or indirectly, to disturbances of neuronal function, among them the release of ara chidonic acid and the formation of prostaglandins Preliminary results of these studies were presented at the 13th annual meeting of the
treated, and ibuprofen-pretreated rats, respectively. Pros taglandin formation was completely inhibited in the lesion area in the indomethacin-treated rats (PGF2a 1.8 ng/g, compared to 57.5 ng/g in untreated and 1.4 ng/g in nonle sioned animals). The results suggest that some compo nents of the prostaglandin system are involved in mech anisms underlying a widespread depression in functional state of the rat brain that develops in response to injury. In control animals, indomethacin was shown to have a biphasic effect on LCBF, an early depression shown pre viously by others followed at 24 h by a considerable in crease. Key Words: Ibuprofen-Indomethacin-Local cerebral blood flow-Local cerebral glucose utiliza tion -Prostaglandins-Tr auma. (Wolfe and Coceani, 1979; Wolfe, 1982) . The pos sibility that arachidonic acid metabolites synthe sized in traumatized brain contribute to develop ment of vasogenic edema has been ruled out in ex periments with cats in which pretreatment with indomethacin had no effect on the amount of fluid accumulating in response to a standardized freezing lesion , although involve ment of prostaglandins in the development of isch emic edema has been reported (Iannotti et aI., 1981) ,
In earlier studies on the effects of steroid therapy (Pappius and McCann, 1969) , it was postulated that injury to the brain may induce functional distur bances by mechanisms not related to cerebral edema. Subsequently, local cerebral glucose utili zation (LCGU) measured with the [ 1 4 C]deoxy glucose method (Sokoloff et aI., 1977) in focally traumatized rat brain was found to be widely, but not uniformly depressed (Pappius, 1981) . In view of the known coupling of cerebral metabolism and ce rebral function (Sokoloff, 1981) , these changes in LCGU associated with localized injury were inter-preted as reflecting a widespread functional depres sion. The time course and spatial distribution of changes in LCGU suggested that the presumed functional disturbances were mediated indepen dently of cerebral edema (Pappius, 1981) .
The experiments summarized here were designed to demonstrate whether indomethacin and ibu profen, two nonsteroidal anti-inflammatory drugs (NSAIDs), known inhibitors of the prostaglandin synthetase in brain (Wolfe et ai., 1976; Ramwell, 1980; Wolfe, 1982) , can modify the metabolic, and hence the functional response of brain to injury. Ef fects of these drugs on release of arachidonic acid and prostaglandin formation under the same exper imental conditions were determined, and LCGU and LCBF in nonlesioned, treated animals were also studied.
MATERIALS AND METHODS

General procedure
Freezing lesions standardized to produce superficial focal cortical injury in the rat were made in the left pa rietal region of halothane-anesthetized Sprague-Dawley male rats (280-320 g) by applying a freezing probe ( -50°C) to the dura for 5 s through a 4 x 4 mm opening in the skull. After the lesion was made the wound was sutured and the animals were allowed to awaken.
['4C]Deoxyglucose and [14C] iodoantipyrine studies were carried out as described below in conscious rats 1 or 3 days after the lesion was made. Evans blue dye (2%; 0.35 ml per rat) was injected i. v. before the start of both studies so that the state of the blood-brain barrier at each time period following the lesion could be determined. As reported previously (Pappius, 1981) , blue staining was seen in the area of the lesion in animals killed 24 h after injury, but not 3 days later, and the drugs investigated in the present experiments had no effect on this.
Animals without lesions that were untreated, or given indomethacin 1 or 3 days earlier or ibuprofen for 3 days served as "normal," "indomethacin," and "ibuprofen" controls, respectively (see below for drug regimen). Blood flow was also measured 2 h after indomethacin injection.
The physiological state of the conscious animals was assessed by monitoring arterial blood pressure and rectal temperature and by measurement of the hematocrit (Hct), serum glucose, and blood gases prior to each study.
Plasma 
Drug regimen
. Indomethacin (lndocid®; Merck, Sharp and Dohme, Kirkland, Quebec), 7.5 mg/kg, was given i.p. 6 h before the lesion in pretreated animals and 1 or 24 h after the lesion in post-treated animals. In initial pretreatment ex periments, this amount of indomethacin was given 18 h before, at the time of, and 24 h after the lesion (total of three doses). Many of the animals developed symptoms of internal bleeding and had to be discarded because of low Hct. Subsequently, the single dose was found to be effective on the parameters under study and only occa sional rats had Hct below 40%. These animals were not used.
Ibuprofen (Motrin®, sodium salt; Upjohn Co., Kirk land, Quebec; courtesy of Mr. T. K. Hilborn), 36 mg/kg/ day, was given i.p. in three divided doses, starting either 6 h before (pretreated) or 24 h after (post-treated) the lesion was made, and this regimen was continued until the animal was killed.
Local cerebral glucose utilization
LCGU was determined by the [14Cjdeoxyglucose method of Sokoloff et al. (1977) . Briefly, polyethylene catheters were placed in a femoral artery and vein under light halothane anesthesia. The animals were immobilized from the waist down by means of a loose-fitting plaster cast and were allowed to recover from the anesthesia for 3-4 h.
A pulse of �40 !-lCi of 2-deoxY-D-[1-14C]glucose (spe cific activity, 50-56 !-lCi/mmol; New England Nuclear) was then injected via the venous catheter. Timed arterial sampling for assay of ['4C]deoxyglucose and glucose con centration in the plasma was started at the time of the injection and continued for 45 min, at which time the animals were killed by decapitation. The brain was im mediately removed, frozen in Freon XII chilled to -5SOC over liquid nitrogen bath, and stored at -80°C until sec tioned. Brain sections, 20 !-lm thick, were cut in a cryostat (American Optical Co., Buffalo, NY, U.S.A.) at -22°C. Autoradiographs were made from the dried sections, and local tissue concentrations of 14C were determined from the optical densities of the specific anatomical structures and of appropriately calibrated [14C]methyl methacrylate standards (New England Nuclear) included in each of the autoradiographs. The densitometric measurements were made with a Densicron® densitometer (model PPD; Sar gent-Welch Scientific Co., Skokie, IL, U.S.A.) with a O.I-mm aperture. Final values for LCGU were calculated as previously described (Sokoloff et aI., 1977) with a PDP-12 computer (Digital Equipment Corp., Maynard, MA, U.S.A.).
Local cerebral blood flow
Local cerebral blood flow (LCBF) was measured in animals prepared as for LCGU measurement, using the [14C]iodoantipyrine autoradiographic technique described by Sakurada et al. (1978) . The studies were carried out in intact animals 2 h, 1 day, and 3 days after indomethacin injection (7.5 mg/kg) and after 3 days of ibuprofen treat ment (36 mg/kg/day); in indomethacin-and ibuprofen-pre treated animals 3 days after a freezing lesion; and in normal and in untreated animals lesioned 3 days earlier. The tracer, 4-iodo-[N-methyl-14C]antipyrine (specific ac tivity, 50-60 mCi/mmol), was obtained from New En gland Nuclear.
Presentation of LCGU and LCBF results
In each experiment, LCGU or LCBF was determined in 30 areas or structures. To avoid duplication, different individual structures were selected to illustrate typical results in Ta bles 1 and 2 and 4 and 5.
Since four distinct groups of structures (cortical, sub cortical, brainstem, and white matter) (Pappius, 1981) can be identified by their LCG U reaction to trauma, results for all structures in each group, expressed as percent of normal controls, were averaged in Ta ble 3. The areas or structures included in each group were as follows: cor tical-visual, auditory, parietal, sensorimotor, frontal and olfactory; subcortical-superior colliculus, sub stantia nigra, medial geniculate, dentate gyrus, anterior hippocampus, lateral geniculate, amygdala, lateral thal amus, habenula, hypothalamus, globus pallidus and cau date; brainstem-cochlear nucleus, vestibular nucleus, superior olive, lateral lemniscus and inferior colliculus; white matter-corpus callosum and internal capsule.
Removal of lesion area for analysis
For determination of brain constituents "immediately" after injury, the animal was killed by decapitation exactly 60 s after the start of the standard 5-s lesion, the head being dropped immediately into liquid N2. For the deter minations at 24 and 72 h after the lesion, the animals were decapitated into liquid N2 at the specified times. A sharp chisel was used to remove the brain from the cranial vault and to separate as much of the lesioned area of the cortex as possible from the rest of the hemisphere. This was done with frequent chilling in liquid N2 to ensure that no thawing occurred. Because of the limited amount of tissue affected in each brain, the weighed lesion areas from three to four animals were pooled. Samples of com parable size were also chiseled out from the nonlesioned right hemispheres of each lesioned brain and from unle sioned brains from untreated rats decapitated into liquid nitrogen. The samples were kept frozen until homogeni zation.
Determination of arachidonic acid and prostaglandins
The measurements of arachidonic acid and prostaglan dins F2u, E2, and D2 (PGF2u, PGE2, and PGD2) content in brain tissue has been described in detail (Pappius and Wolfe, 1983a) . Briefly, frozen pieces of cerebral cortical tissue (100-300 mg) were homogenized in chloroform methanol (2: 1) with heneicosanoic acid added as internal standard. The extract was purified on silica gel thin-layer plates developed in hexane:diethylether:acetic acid (112:35:2.5, vol/vol/vol). The free fatty acid zone identi fied by brief exposure to iodine vapor was scraped off, and the silica gel was extracted with chloroform-meth anol (2: 1). The solvent was evaporated and the fatty acids methylated with ethereal diazo methane in 10% methanol. The arachidonic acid was quantitated by gas-liquid chro matography on 6-ft columns of 10% Silar JOC (Applied Science Labs, PA, U.S.A.) in a Hewlett-Packard 5730A gas chromatograph connected to a 3390A integrator. PGF2u, PGE2, and PGD2 were extracted and purified by the method of Powell (1980) with ODS Sep Pak® re versed-phase cartridges (Waters Associates, Milford, MA, U.S.A.). Te tradeuterated internal standards (1j.Lg) of PGF2u and PGE2 were added to initial extracting solvents. The prostaglandins were quantitated by gas chromatog raphy-mass fragmentography on a LKB-9000 instru ment, as previously described (Wolfe et aI., 1976; Green et aI., 1978) . PGD2 was quantitated by the method of
Abdel- Halim et al. (1977) after reduction with sodium bo rohydride and correction for the PGE2 contributions to PGF2u and PGF2� peaks. The ions monitored were mle 423 and 427 for the methyl ester-TMS derivatives of PGF2u and mle 321 and 325 for the methyl ester-TMS derivative of PGE2 converted to PGB2.
Statistical analysis
All statistical analyses were carried out with Dunnett's t test for multiple comparisons (Dunnett, 1964) , taking into consideration the number of treatment groups being compared to the appropriate control group.
RESULTS
Physiological state of the animals
The values obtained for the physiological param eters in 21 normal animals were (average ± SEM): mean arterial blood pressure, 126 ± 3 mm Hg; rectal temperature, 36 ± 0.2°C; glucose, 145 ± 6 mg/dl; Hct, 49 ± 1%; PaOZ, 82 ± 2; Pacoz, 34 ± 1; pH, 7.42 ± 0.01. Cortical freezing lesions did not affect the physiological state of the animals (Pap pius, 1981) .
In the indomethacin-treated groups, the same range of values was obtained up to 24 h. However, 3 days after indomethacin, pH, Pacoz, and Hct in pooled control and lesioned groups (30 animals) were 7.44 ± 0.01, 31 ± 1, and 43 ± 1, respectively, all significantly different from normal (p < 0.01).
In the 24 ibuprofen-treated animals (3 days of treatment, pooled control and lesions) all the phys iological parameters measured were within nor mal limits (pH, 7.42 ± 0.01; P aCoZ, 33 ± I; Hct, 49 ± 1).
Effect of indomethacin and ibuprofen on LCGU in intact animals
The effects of indomethacin on LCG U in nonle sioned control animals are summarized in Table I . The data given for the six gray matter structures are representative of those for gray matter areas and structures in general. For results in other selected areas 72 h after indomethacin, see Table 2 .
In indomethacin control animals, 24 h after injec tion of the drug, LCGU was within normal limits in all gray structures examined, although a nonsignif icant decrease was noted in the dentate gyrus (Table  1 ). The average LCGU in 28 structures was 99 ± 1 % of normal. A decrease in the rate of glucose utilization was found in the two white matter areas where it was measured, namely the corpus callosum and the internal capsule.
Seventy-two hours after injection of indometh acin, LCG U was increased in most of the gray structures (on the average by 10%); the difference from the values of the average LCGU at 24 h was highly significant. However, the difference from un treated animals in the individual structures was sig nificant (p < 0.05) in less than half of them (see also Ta ble 2). In both white matter structures examined there was an increase from the values found 24 h after indomethacin.
In control animals treated for 3 days with ibu profen, levels of LCGU in gray structures were all within normal limits, while in white matter the levels were depressed. Thus, the slight increase seen 3 days after indomethacin was not duplicated with ibuprofen in gray or in white matter structures.
Effects of indomethacin and ibuprofen on LCGU in traumatized brain
It was shown previously (Pappius, 1981) that LCGU was profoundly decreased in many areas of focally traumatized rat brain. Results presented in Ta bles 2 and 3 and Fig. 1 indicate that these effects of trauma were significantly diminished by both in domethacin and ibuprofen.
In all cortical areas of the lesioned hemisphere in indomethacin-pretreated animals, LCGU was in creased from the depressed levels seen in the un treated animals. The effect in cortical areas on the side of the lesion was pronounced enough to abolish the side-to-side differences invariably recognizable on inspection of the autoradiographs from untreated animals ( Fig. 1) . At the same time, indomethacin had no obvious effect on the size and appearance of the lesion area, which varied somewhat from an imal to animal but was comparable in the untreated and treated groups as a whole, both on the auto radiographs and with respect to Evans blue staining. Twenty-four hours after the lesion, the dif ferences for individual cortical areas failed to reach statistical significance because of the small number of animals in the treated group (Table 2) . (Note that data for the 24-h indomethacin control group are not included, as no difference from untreated was found.) However, when the results were expressed as percentages of normal and averaged for the six cortical areas, the difference between the untreated and indomethacin-pretreated at 24 h was highly sig nificant (60 ± 3 and 92 ± 2 respectively; average ± SEM, p < 0.01). Three days after the lesion, indomethacin increased significantly the individual LCG U values in all cortical areas of the traumatized hemisphere, compared to untreated (Table 2) . When expressed as percentages of normal, the difference in the average glucose utilization in the six cortical areas between untreated and indomethacin-pre treated groups 3 days after the lesion was also highly significant (Table 3) . Ibuprofen, started 6 h before the lesion was made, was even more effec tive than indomethacin in preventing the decrease in LCG U in all cortical areas of the traumatized hemisphere (Tables 2 and 3). A significant depres sion of LCGU in subcortical structures of the le sioned hemisphere, described previously (Pappius, 1981) , was confirmed, and pretreatment with both indomethacin and ibuprofen significantly modified this response to injury at the level of the individual structures ( Table 2 ) and when subcortical structures as a group were compared (Table 3 ).
In the hemisphere contralateral to the lesion, the effects of injury on LCGU in cortical and subcor tical structures were not as pronounced in the present series as in the earlier experiments (Tables  2 and 3, and Pappius, 1981) . Although the trend to lower than normal was still seen, none of the dif ferences in the individual structures were signifi cant, and similarly, the slight increases in treated animals did not reach statistical significance. There is no obvious reason for this minor discrepancy from previous results. As before, LCGU in brain stem structures was not affected in either hemi sphere of the lesioned brain, and the two drugs were without effect. Furthermore, neither drug modified the slightly lower LCGU, which was observed bi laterally in the two white matter structures in which it was measured ( Table 2) . The results summarized in Table 3 show that in domethacin and ibuprofen diminished cerebral met abolic responses to injury whether they were given J Cereb Blood Flow Metabol. Vol. 3, No.4, 1983 before or after the lesion was made. This was par ticularly obvious in cortical areas of the traumatized hemisphere, where the depression of LCGU was most profound in untreated animals. Three days after the injury, the effects of indomethacin were the same whether the drug was given before or 1 or 24 h after the freezing lesion was made. Although ibuprofen given before the lesion appeared to be more effective than indomethacin in increasing LCGU of cortical areas, its effects were comparable to those of indomethacin when it was started 24 h after the lesion.
LCBF in indomethacin-and ibuprofen-treated intact animals
The effects of indomethacin (7. 5 mg/kg, single in jection) on LCBF in conscious, nonlesioned ani- FIG. 1. [14CIDeoxyglucose autoradiographs at selected anatomical locations in rat brain. A: Normal. B: Three days following production of a freezing lesion in an untreated animal. Note the clearly visible decrease in optical density in cortical areas of the traumatized hemisphere. C: Three days after a freezing lesion in an animal pretreated with indomethacin (single injection, 7.5 mg/kg). Note that side-to-side differences in optical density are no longer obvious. mals are summarized in Fig. 2 and Ta ble 4, in which the individual structures are presented in order of decreasing blood flow, different ones having been selected for the figure and the table to avoid dupli cation. The earliest measurements were made 2 h after injection of the drug. At that time the results were variable; structures with normally low flow rates showed values lower than in the untreated controls, whereas in structures with relatively high normal flows 2 h after indomethacin the LCBF was increased above the untreated control levels. None of the differences from normal were statistically sig nificant at 2 h. Twenty-four hours after a single in jec�ion of indomethacin, LCBF was increased in all structures; the difference from normal was statisti cally significant in cases in which the normal flows were relatively high ( Table 4) .
It can be seen from Fig. 2 that the increments, as percentages of control values, were greatest in structures with highest flows (for example, 60% in crease in auditory cortex) and diminished with de creasing baseline values. The effect was global, that is, there was no correlation with any anatomical or functional pathways. Three days after a single in jection of indomethacin a return to normal LCBF was seen in most structures examined.
Three days of treatment with ibuprofen (36 mg/ kg/day) had no significant effect on LCBF in nonle sioned animals ( Table 4 ).
Effect of indomethacin and ibuprofen on LCBF in lesioned brain
It had previously been shown that, 3 days after injury, hyperemia was widespread in traumatized brain and more pronounced in the hemisphere con tralateral to the lesion (Pappius, 1981) . Ta ble 5 pre sents LCBF values for selected structures in trau matized brain 3 days after lesion in untreated and indomethacin-and ibuprofen-treated animals. No significant differences in rates of LCBF between these groups were observed, the somewhat higher values in indomethacin-treated animals reflecting increases seen with this drug in intact animals (see above). However, the appearance of the lesion area Fig. 3 . As previously reported, 3 days after freezing in untreated animals the lesion area was hardly visible in most experiments (five of seven), indicating that blood flow was restored to a large extent. In contrast, there was no restoration of blood flow in the area of direct injury in all animals pretreated with indomethacin ( Fig. 3c) or ibuprofen (not shown). Pretreatment with indomethacin had no effect on the arachidonic acid content of intact brain, nor on its immediate release in the lesion area. In contrast, as expected, PGF2rr synthesis was completely inhib ited in the lesion area (57.5 ± 19.8 ng/g tissue, un treated; 1.8 ± 0.3 ng/g after indomethacin). The results show that both indomethacin and ibu profen, given either before or after a small freezing lesion was made, reversed to a large degree the changes in LCGU induced by trauma, which were interpreted earlier as reflecting widespread depres sion of the functional state of focally injured brain (Pappius, 1981) . The effects of these two NSAIDs on LCGU were restricted to areas where the depression occurred in untreated animals. Thus the drugs were effective specifically in the areas af fected by injury. This suggests that functional ab normalities in traumatized brain are prevented when arachidonic acid metabolism, but not its re lease, is inhibited, as was shown in parallel exper iments (Table 6) , and implies that some components of the prostaglandin system are involved in the un derlying mechanisms. Furthermore, the fact that both drugs were effective when given as long as 24 h after the lesion was made indicates that the prod ucts of arachidonic metabolism do not act simply as a trigger in a chain of events, but must be an integral part of an ongoing process. Similar effects in traumatized brain have been demonstrated for dexamethasone (Pappius, 1982) . However, steroid action was shown to be mediated independently from the arachidonic acid cascade, since dexamethasone treatment was without effect on arachidonic acid release and prostaglandin for mation in lesioned rat brain (Pappius and Wolfe, 1983a) .
The mechanisms underlying cerebral functional disturbances induced by injury and the exact role of prostaglandins remairi to be elucidated. No changes were noted in thiobarbituric acid reaction products in traumatized brain untreated or treated with dexamethasone or indomethacin (Pappius and Wolfe, 1983a) . Since thiobarbituric acid reaction is only an indirect method for estimation of free rad ical formation and lipoperoxidation, these results did not rule out unequivocally a role for such pro cesses in functional disturbances in injured brain, but they did not provide any support for it. Changes in serotonin and catecholamines with cord injury and head trauma have been described (Barreggi et al., 1975; Vecht et al., 1975; Fenske et al., 1976) , and wide distribution of serotonergic and noradren ergic innervation to cerebral cortex of the rat, the area most affected in traumatized brain, is well doc umented (Beaudet and Descarries, 1976; Descarries et al., 1977; Levitt and Moore 1978; Moore and Bloom, 1979; Lidov et al., 1980) . Furthermore, glu cocorticoids have been shown to affect neurotrans mitter metabolism (McEwen et al., 1979) , and a role in the modulation of neurotransmitter action has been postulated for the prostaglandins (Wolfe and Coceani, 1979) . This has led us to develop a working hypothesis that a neurotransmitter system or systems may mediate the functional disturbances observed in injured brain, with both prostaglandins and dexamethasone exerting their effects by modi fying the response of the affected system to injury (Pappius and Wolfe, 1983b) . Preliminary experi ments indicate that both serotonin and catechol amines are involved (Pappius and Wolfe, 1983b) . Several authors have reported that indomethacin has no effect or only a minimal one on cerebral metabolism in both anaesthetized and conscious an imals, but that it significantly decreases CBF (Pickard and MacKenzie, 1973; Sakabe and Siesj6, 1979; McCulloch et al., 1982; Hoffman et al., 1982) . All these studies were carried out within 30-90 min of the injection of the drug. Our control experi ments on LCGU in conscious rats essentially agree with the earlier studies, in as much as 24 h after a single injection of indomethacin and after 72 h of daily treatment with ibuprofen LCGU was within normal limits in all gray matter structures and areas. However, both drugs decreased glucose utilization in the two white matter structures in which it was measured. The significance of this effect in white matter, seen also in the lesioned brain, is not clear. The slight increase in LCGU in all structures 72 h after indomethacin was not duplicated with ibu profen. Whether this was due to indomethacin af fecting other enzyme systems besides the prosta-glandin synthetase complex (Flower, 1974) , or to some other pharmacological differences between these two drugs, is not known.
To our knowledge, the increased LCBF demon strated in the present experiments 24 h following indomethacin has not been reported previously. It appears likely that there is a biphasic response of LCBF to indomethacin: an initial depression, re ported by others at 30-90 min after treatment and still seen at 2 h in some structures in our experi ments, and a subsequent sharp increase, statisti cally significant, in many structures at 24 h. (The decrease at 3 days after indomethacin was possibly the result of less complete inhibition at that time of the enzymes involved. See Table 6 .) Whereas ibu profen has been reported to produce an initial acute decrease in total CBF in goats (Hoffman et al., 1982) , in the present studies in the rat, LCBF within normal limits was obtained after 72 h of treatment. Thus, as in the case of the late effects on LCG U , the secondary increase in LCBF after indometh acin, not demonstrated with ibuprofen, may reflect an action on systems other than that of the pros taglandin synthetase. As pointed out by Pickard (1981) , inhibition of brain phosphodiesterase by in domethacin would be expected to produce cerebral vasodilatation. Alternatively, the biphasic effects of indomethacin on LCBF could be due to changes with time in the degree of inhibition of formation of different arachidonic acid metabolites which have opposing actions on cerebral vasculature. There was no correlation between changes in LCBF with changes in the Hct and PaC02, which were normal at 24 h after indomethacin, at the time when the increase in LCBF was at its peak. Hct did decrease slightly, and PaC02 increased 3 days after injection, but by then LCBF tended to return toward normal values.
Whatever the underlying mechanisms, the in creased LCBF at 24 h when LCGU remained normal did not represent a true uncoupling of blood flow and metabolism, since the two parameters re mained highly correlated in different brain areas and structures in the indomethacin-treated animals (for 23 gray structures, r = 0.92, p < 0.01; see also Pickard, t 981) . Rather, a resetting of the coupling mechanisms at a new level, as suggested by Kus chinsky et al. (1981) for metabolic acidosis, would appear to have occurred. This is in sharp contrast to the situation seen in untreated traumatized brain (Pappius, 1981 , and Tables 2 and 5), where different degrees of depression in LCGU in various struc tures were associated with uniform slight increases in LCBF. Thus the two parameters were clearly un-coupled in areas where the metabolism was signif icantly and apparently specifically altered, and the correlation between them, although still significant, was considerably decreased (for 23 gray structures, normal r = 0.93, p < 0.01; traumatized r = 0.65, p < 0.01).
It is of interest that there appeared to be a failure of normalization of flow in the lesion area 3 days after injury in both indomethacin- (Fig. 3) and ibu profen-treated (not shown) animals. This implies that the restoration of flow seen at that time in un treated animals is mediated by some product of ar achidonic acid metabolism. Prostacyclin would ap pear to be a good candidate for such a role since it is a known vasodilator and has been shown to be released by damaged blood vessels (Moncada and Vane, 1979) . Studies are in progress to elucidate this point.
In conclusion, both indomethacin and ibuprofen were very effective in ameliorating the depression of LCGU in cortical areas of injured brain, sug gesting that some components of the prostaglandin system play a key role in functional abnormalities associated with trauma.
